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~FORE 0IiD

The 6ngincering F'n'dation convened a research conference on

"Rapiti Construction o.' Concrete Dams," which was held at Pacific Grove,

Crlifornia, on 1-5 March 1970. Session IY of the conference was con-

corned with special c',.ents and adixtu-es for rapid concrete dam

constction. Mr. Bryant Mather, Chief, Concrete Division, was requested

to p, pare the paper on ad.,ixtures for presentation at tis session;

however, he was utablc to attend thu meeting and Dresent it. It was

presented in his absence by Mr. J. M. Polatty, Chief, Enei-,cring Mechanics

Branch, 'Concrete Dvision. On the last day of the conference the nartici-

pants approved a resolution which rccommzended that the papers, originally

prepared as the basis for off-the-record discussions, be published. Th-i

manuscript was, therefore, referred for approval for publication to the

z::hef of Engineer. a,-d such approval, subject to c. rtain comments, was

gr tnted 'n 20 May 1970.

' D .rectors o-" the Waterways Expcr: ,ent Station durir4; te preparation

and pub)ication of this paper were COT, Levi A. Aro,-., OP, and COL Ernest D.

Peixotto, U". Technical Direc.or was Mr. F. R. Bro-an.

69325



by

Dryan -Tathei~

1.1 The purpose of this Conference is to inv'etignt-1 in depth, desiga

and canstruction procedures for redueing t)-c cost of concrete d&mis. Whin is

a sotmetAhat more restricted pirpose thwi that of the 3'ntcrnationslI Co~zuaision

on Ln-ge Dans, ivhich is-. 'to pix:mote oand coord iati imlprov6e1cflts in technuical

research, design, construction, r aeItonance, and operation of 1etgr davas.

More sim~ply stated, the objective of ICOJA) is to co, 1ribut~ othe 'ons t-.O

tion tid operation of good ciaiis. The objective of aieerig, a it roI*~tc

to cxncrete for use in dam~s -.A eppurteunt works, Is to insure that tho

- concrete so used in good ocA'retc. Good corncretc, is concrete thatV Possesses

the norassary lOYLI s; of the properiies appropriate to the anervcu dcmiuidod

Oi it. at~ VAJ. t33.aos f In XsuSO1WL .lire plus a "Xactor of seaw" or "17rctor

j of ioi'moo" sufficient to merit and recoiva confidence. It is not, good

Ongineering to roquire that concrete have imnecswily high levels of

* Y.-dre for pr;ascnt ation e~s Papor 2,Session TV !ocial C(X, ant ewid b
AMuixturcs for J.:Vjid Concratce P-ri Construction at 1970 Fnginecring Founda-~

iollearch Cnuee. "Rrqpid mtutoofCwAoAvip AF11oiar
's Uiccae Grove, aiod.,3"r

J.,es1-1oIlatty, Chief, Fn-iiwcrjr. 11chai )Pro;ih, Certo Division,
Aniy F2x -r 1.11atarwjys F1x-pcrhmaA; t t 5~-.irj, Mssirmippi.

~*ChicC CrncrtO" M)viriwn, U. S. AzNiy Rigincr Uatnrtys Ext-crm:nLT Station,
Viec1s-wrg, ~ii~ ~O



iinport-nt properties or ruy par ticular level of irrlvat, properties,

espealally when, as w413 almost alw~s be the case-, th6 inclusior 01 such

requirements incrc'.ses the '.nitial cost. It is., of course,, obvioudly not

good enginserinf; to f'ai~l to reqqire--and hence usually not obtain-concrete

tha-,t does develop the necessary levels of iiaportant properties.

* 1.2 Concrete it. not a static, constmit, unchanging mate rial. As

hinitially mixed, it is a suspension of solid particlces ie P. liquid. There-

afte, i ev~eLinto a relatively rigid solid tha't wil deeop prccdiA

ab~le levels of many different properties deponding oni tho properties of

the constituent m aterials used, -heir proportions, the practices Mploycd

in production, and the environmnent of Lub.ccuen nau~to n x ure.

As designers ~3 ulir fdru and epprte 1-Mt works develop datze on

what are the relevent propertiva of concrete aad vhadt are the nccess:.ry

quality levola of these propc.;ties that the concrete must possess in order

to render the de-sire-A rorvioe a's all tiiras in itts usefu lfe the concrete

tec-1nologist -will perfect the techniqaos neeled to irsurc that tho proper

a,:3.s proportions, and pr.actices are required wind obtained.

-.3 The str *^ of kriowledga has not yet progressed to the point whers

the cinrknows what, he rac' -1-3, nor can the concrete techno .ogicst. v't

precisien, predict tha partiz-v1ar lc-valr tbat ill. be ".veloped in trie

propexarties of a ,,,ive-n concrete in a given envirornwcrt. Ve d'> not yet have

adequate methoets of cjiuantJtatively nwaa xtitis Lho portinent propertivs, of
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rocrtics of Concrete

2.1 Concrete for use in large das. as inii~taly mixed, must possess

a degree of mobility and fluidity, together with a% dogree of cc'hcsivcness$

so that as transpportud, handled, cdep,..;Itcd, consolidated,, and finistod, it

can be dischar~Cd into und va.t of the contr-.nc'Mrr in which it is traiported

'and into its final position in the iuork vithout. excessive scercation and

can there be prop-r.ly convo3.icdedl, and if flOcCasCX. fini.Ehed withi the

cqip~icnt provided to bo us.:d for these optrartions. After placemzent and

consolidation, it mus't iwdcrgo appropriatte chcngos at ratw- such that, wen

called upon to resist loAds c, other cnvrhrzeat.Al WOnluences, It Will have

the ncess,-ry, 12v015Ir of tho relevant properties iflc:ti therse are needed, Pnd

it must uncbrgo those ch.-n.gcs without concurrently developying urifts3rable

leves ofoth- w-)p0't3es-such as e~xcesively hign Internalf twOarat4'res-

that are bhaxo-irul. Io x cvplc, uhu-en catilCver..f oiwn'fstructiofl techi ues

are usud, the .~eein which form. P-nchors are accib.dded talust delori
adeq-jate- strt~ngth toc resist for-m-r-nchor pull-out foDri;*oa at trio timu th3(frreshIly t.2xczd concrate is place.d in tihe rPxt hl jher li-i. horc.Xtew Cs

loads boar an the wchors.

Admi xturt't. for~ Coe-wrote

3.1 "Uny material, cothnr than- irat-r, t e-ie~ nc hydraitlic cemient,

.ased ts an in-retlint og a I.-rlvztxue;Oc otvbcc1

beooe or dt-L-n" its idi-ne. by divCinit'un, a :-iLr.Such ;acIl,

Vikn ntrrowd o to -cs-rulc c-cn, ,3



as "acditiofl to the cement. The purpose of using an admixture is to mako

*the concrete to which it in added maore suitable for thd purpose for which

it Is made or aivilable at lowver cost. An taixture should not b-- used

unle~ss there are benefits to be obtained that arm worth the cost of' so doing

and are benefits that cannot b-- obtained by other means.

3.2 4iixturcs can bo and are being used to modify virtually any

property that concrete nattirally possesses end are also used to impart

propeartics it could not othervise h-a. In sw.E- cozes, te e ffet is t

change the tiiai at which thz: concrete develops a given property to a givcn

degree; in o~aer cass, a property it; co-aferred that, withoat the PArdxtairev

could never have Wonm achieved Lby the concrete mixture. Mnixvurez have

boen used for at levst 2003 years. J-2,rcus Vitr-eiius Pollio In the first

contury A. D. set forth a speeification for norktr thatl craled for ivell-

3.3.1 Achiecv.-4-it of -m carlier votting tim'e (acceleration).

3.3.2 Delay of betting tirie (rot(Lrda-Liko).

3.3.3 Aci~~'rn.of cqual vuli:;tb11.ity iith 3oi- r vwate.r ccontent

(vvater rcduction).



3-3-hIn Tcorporatic-n of a system of e itrainod air voids in the

cemient paste (air ontrainmcnt).

3.3.5 Removal of ce. sive aoqnts o~ ir ube r h

cement pa-ste (air dotraitnmont).

__3.3.6 Reduction of tomperature rise due to cement hydration.

33?Reduetion of eqxmnsion Cue to the alkali-silica or olkali-

earbonate reaction.

* 33~8Reduction of peximeability of concrete (p.n-ierbiity

reduct~oi) -

3.3.9 Inhibition ci' te-ency of coidded metal to corrode

(corrosion reduction).

3.3.10 Reducticn of tendency of concrete to be woakenod by

leching.

33.n Rednction of toeency of conerete to seigregation end

bleeding.

3.3.12 Improved cohcsSivenesss a-d pla tickty,, capecially in

3.o3 ~uti fcost of ccrnstruction. ar solo :

3.Ih.1 kcccet-trs. Tito most 01(lely used accelerator is cv.lcium

c~lrid. Ohermatriat hich accelerate. thc! han cnn of mixturern of

port)ad CComnt rcV :rbkr iflf.Thvce oth-r soluble chic .des; voluble cz-rbon-

a~e, lun~tcs nil icates, ftuosilicaVs, twid hydrvde; aiad so-IC.

orrgtmic c&rapx'ud: mteih rcs Wt1Ii . rw~'iic. C cii hlorjde cz~n gdCaAy

C - I



be 11sod s-.tcOy ini zriourits 6fi up to 2 porcent by ight of the Cemecnt* The

[ benafits of suchk usie ame grc-test in ..o1&. irathcr, and ait hirgh tewporaturcs

the effects uay be detrimental. C-'-Ci~U Chlocide should not be used w~here

stray electric cu,,rents are to be expected or in prcoctransect concerete

Ibeese- of its tendency to promuote corrosion of st-eel. Its use avy as

aggravate sulfrte attack and the alkai-silica reaction. It is convenient

to uzke solutions In which ono quart contains oeo. pound of calciwu chloride.

3-6s2 Retarders. The cmzohly iwed, retarding adaxures ame-

orgenic chemicals, generally ligiosaonic acid vnltv or hydrooxylated,

carboxylic acid salts or ucQ.1I f ications thereof. At normal teporrturesc,

used in noroally recomnded anaouts, the setting tWz~ of caxcrete a ba

extended 3L) to pO prceat. Greater delays of setting cpn We obtained bk

using larer &aounts. RotarJors are usually used to c peanvato for the 5

uindeWired occelerating offects of hi&h placst Leiporatures, to avoid

cold joints, aid to avoid, xvdesiriXc effects of divsplvec-;icnts und defIce-

tions, due to loating of foriw &nd suD,,orts by s 3zeque-nt concrote placement.

Wihen retazrdat4on is obtained, Improved consolidation trzi be achievcd Vi

revibiation; Ovhen rc-Abratin is to be v~ployed, rtration Is recralred,

3.I,.3 Vatcrreducers. ihe r;;cj basic kind:; of m~aterials that

ame r.tarders av gecneraly va4er reducey.u. K.any vater roftcrla &re

retrxdcri; U have been chc-,ically nodiie1 to stuprovss or cccmpennate for

their ret-nre-ingl offect. Water n--icerz have the pioperty of ince.sing the

workablity (s1vz~p or flov~) of the: concreto Ini hich they re'd.Advan-

ten b "aon of' thirn offovct, Sn 4t-iy of severv. vuror: (A concrete

tage iny I--- tx(3

mixture__ _________cn' vohI'It tnMv t ok11iyices- ih



no change in cement content or water-cement ratio; (b) a concrete rntcture

of adequate wrorkability a have its stroflgth increasedbyrdcnth

water-cemnent, rat~o and maintaining cement content and workability Unchangcd;

and (a) a satiof actory concrete mixture con be made more economical by main- 9

taiming the water-cement ratio and workability but reducing the cement

content or increasing the pozzolan to caneiit ratio. I-ater reducers are

necessary in the production of very hif)h-strength concretes for which water-

cement ratios of 0.35 or lowier are required, if the freshly mixed concrete

is to have the normally expected workability.

3.14.4 Air-entr nS3~ uAmixtures. The maaterial.s used as air-._

entraining adniixtures are those hhich make foam; they are thiri similar to

soaps Lind detergents, They ere generally derived from resins, fats, or oils

Th~ Primary p~rose of air entrainment io. to p-.otect the concrete a~gainst

the dwiage it may suffer if the paste becomes saturated writh i-ater ad then

freezes.* A mature portlendcenient paste in uhich air bubbles are present

writh a spac:.ng xactor or usuuB xn. or less tri not be uxmagoct by 17rcezing

even if saturated* wirth water. The spacing factor is the average maximum

distance froan any point in the paste to the nearest air void. With acceptable

air-entraining acbtLi-xtures, the air-void spacing factor will be within the

correct limits if the onmount, of Ldir-entr-Inilig admixture used is such that

the freshly mixed concrete contains percent air in the mortar fraction

or 5-1/2 percent air in concrete containing agercoate of 1-1/2 in, maximum

si~o. The amnount of air-ontraiuing admixture required to produce the

*It is assuncd that the entrzlimod-.air voids are not filled with watar.



__specified arcontent ill be greater at hicher temperaturets, inl MiXtures

containing larger proportions of fine materas or hn:tcilar

used that tend to adsorb organic nmatrials. If an acceptable air..entrainilg

admixture is used in an ariount such th&t the proper air content is developed

AU2 in the freshly mixed concrete, tests have sho-n that expulsion fromi the

concete f asubstantial proportion (up t; about hP.lf) of thetoaar

content by continued vibration does not significantly alter the air--void

spacing .factor and, hence, does not destroy the protcction furnished against

,~- frost deonage.

3.1i.n ctunrdes. Cases have been reported in

which concrete mixtures made with certaini materials, evnecially certain

natural aggregates, contain considerably more entrapped gas bubbles than

VE3 normal. Such a condition greatly ampers production of air-entrAned

-~ concrete, since the gas bubbles that are present without any air-entraining

adixtre are relatively large and ineffective in providing frost resistance*

In othner cases, it may be desired to use a irater-reducing or a retarding

admixture that vifl entrain air, but not to have air en~rainod in the

concrete. In these and similar cases a material Euch as tributyl phosphate-

ins uscd an an air-cltrain-ig admixture to dissipate and erxpel the unwanted

bubbles of air or other gaq.

'N3.1h.6 Pozolnns. The use of it pozzolan as an £±drixtur i

concrete will normally permit the usc of a smaller ce.ment content per

unit volwu of concrete than would othervise be required. In such cases

there usuall 11. bn a not reduction in heat rs nestettlwih

ot cement pluc jpoz'.roln is subs-1nnW.Ia.ly groeer than the ivoif;ht of curwx.nt-



II

that would have been used. There rill also norac.l.ly be a savings in cost

of concrete materials. Concretes containing pommolans gencra.ly also Irll

have better cohesiveness and plasticity, less tendency to segregate vnd

bleed, reduced tendency ti be weakened by lewching, better assurance of

long-time sustained strength and protection against excessive expansion

duo to alkali-silica reaction.

3.4.7 Tem erature-rise reduction. The temperature rise cmhibitcd

at a point in & concrete mass a£ter placement can be reduced by the use of

badiixtures only as a secondary effect of the use of a lower cement content

of reduced cement content or increasod pozzolan-to.-ccment ratio. Pozzolans

generally pcrit use of lover cm enL contents.

3.4.8 Alka ..- erma sion reduction. Research hzs sti,-n that internal

expansion of concrete resulting froi the chcmricol. reaction of tha alkalies,

Na20 and K20, idth various forms of soluble silica and certain carbonate

rocks that may be present in concrete aggregates may be reduced by the

use of admi nturcs either of the pozzolea clauss or certain chemicals such

• as certabi lithium salts. M'en aggregates that are of such a nature that

they might react wilth alkalies to gfive deleterious oxppnsioni must be used,

the cemn t should be required. to contain not more thm 0.6 percent by

weight of olkalies (porcentage Na2O plus 0.68 percentage K20). The most

effective m.othod of preventing ewcessIve e.qonso.on rcsulting from the

reaction of alkalics with reactive carbonate rocks is insuring that reactive

material in the igregato is uniformly distributed -nd compri.ms only a

Emall percontoagn of the total. aggregate used.

9



3-6~9 ne~ 3ltyrdcr. Materi.als havec been marketed as[admnixtures that have been descri.bed as " aterproofers.11 Ilany such mnat rals

are of the nature of soapa, oils, or resins iuhlch are xwater repal].ent xand

may, by this method, retard the vretting of a concre Ie or mortar by drops of

water that fall on its c e. I-ost :'nch materials, if employed for this

purpose, urn used as surface ip5..t~n to hardono-d concrete or mortar

surfaces. Admixtirres have not been found that iil1 prevent the entry, of

water into c- neretc or its trmnission through concrete. Some acti~ctures

vi-ll, hotiever, reduce thc paeability of mortars and concrete to w~ater.

Perma.ability reducers are mineral pov--ders that increase the solids contents

of lean mixtures an., if th y are camentitious or por.zolanic, react to

produce additional solids after they are incorporated ini the concrete.

3.1~.0 Corrosioni xibitors * Iron and steel embadded in concrete

vill not rvrt if the metal it kept complately seeled frna access to the

external onvironint and tho concrete maintains its normal. alkaline stte

(pHi jroater than 12). W hoe the possibility of corrosion arises fromi

inssufficient cover of concret*e over the stcee, this cannot be mitigri cd

by the use of P-n ackixture in the concrete except ,-s the cdmixturo m ay

reduce the poiizieability of tht. concrete end, hence, increse the effective

cover. If. horrever, the possibility of corrosion arises from reduction of

the normially prottective chom.cal natmiro of the concrete, then usc of

aeuix~uren to retardt or inhilblt corrosion is a possibility. Amoang the

virtr.alt: that have hoen vt~ixcd :r, sodiw~i bonzoate, ca3.cium-, AL-iosl**-

fonate, st:nnoun cblor-5.0n, zmnd uatwq w-i. tr te.

10



3.4.11 Cost reduction. he use of adndxLures may reduce costs

of construction and maiatenance in a large number of different ways. In

many cases, the use of admixturcs wil , reduce the cost of the con.ituent

materials required to produce a nit quantity of concrete, for ex, ple, by

aflloiing concrete off appropriate quality to be produced with a lessor-enit

quantity of cement. In other cases, the use of adjuivxtures vill reduce the

cost of construction by pernitting more economical scheduling through modi-

fication of time of setting of concrete. Vlhen, by the use of admixturcs,

the concrete is rendered more durable vnd better able to resist potentially

destructive environmi.ntal efforts. Maintnannne Pnd rapn i nnt ,rn bpd.

Previous Work

14.I In 1962 the Concrete Committce of ICOJD initiated work toward the 1 7

preparation of "Recommrendations on Admixtures for Large Da Ms. " In 3.96? a j
docAent dealing uith surface-active admixtures (air-ertraining admixtures

and water-reducing admixLures) was Vproved mid was published in 1968.

In 1968 the coittee appointed two additional task gruups to deal respec- I

tively w ith pozolans and slags and Aith accelorators and retarders. Drafts

of docin~ents in these areas have boon prepared ond ill1- be bafore the

coimitteo at its meeting in Montreal in June.

4i.2 In 19|13 the Amorican Concrete Institute created Co'i.ttee 212 on

Ubixtures which produced reports on adrmixtures in 1911h, 195h, and 1963.

It is significnt. I believe, that the first scction of cho laoseL report

(.AC Journal, HUov 1963, pp I485-6) dJ- .., irith "Econoilic Aspects of the Use

of Admixtures." I quote fromt this section:

11.



"Us of an jadm*iture may incrttso or decrease the cost of the

concrete. The effect of a given admixture can sowetimcn ba obtained,

at least in ome degree, by other mens or by other adixtures.

Whenever possible, the cost of an ADmIxture should be compared with

that of alternative matev.als or methwds for getting the desiced

result. Conversely, the economic gainu possible hrou& decreased

construction costs by the use tif admixtures should also be considered.

- "In evaLuating an acLxture, its of rect on the volume of a

given batch should- be noted. If adding tie &lixure changes the

Volhi'MRA q ^fho'~n +11he^ +U^ prcpa! e

concrete will be due not only to d-irect effects of the admiicture

M but also to the changes in the anounts (per unit volume) of the

original ingred nti. If the use of the radixture increases the

voltume of the batch, the act ztu'o rimst be regarded an effectin, a

displacement either of part of the original mixture or of one or[ I another of the basic ingr'dionts--cront, aggregate, or a ter. All

j such changes in the coimposition of a unit volme of concrete must be

W taken into account when testing the direct effect of the admixxture
I itself, and in estimating the coat of the use of an aeixLture.

"The cost of handling an extra ingredl.ent, and ay effect the

use of the PA-4Ixture may have on the cost or tri-nsporting, placing,

and finishing the concrete should ba takon into account. f rquently

i an admixture po,.its use of loss expnsive co:struction methods or

even of loss ex.penaive strutctural dcso. n ne as . offset sny in.rcaso

° 12



of cost of materlal3 attending the use of vii amniaxure. For cxonple,

novel and economic.1 deil.s5 of strctu'al units have been rod-

icated on use of retarding adixtures that permit placing of con-

creto over extended periods in hoogeneous units 0£' large size and

great volmoe, thus minimizing need for forming and the placing and

joining of separate units. Use of air-entraining and water-reducing

admixtures cotaonly makes possible the attaining of required physical

properties of lighti-xight concrete at loer unit vcight.
Lai "The evaluation of the cost of aay given admixture should b

WE~ .. ...

Rder conditions sTmulatinh hose expected on the job. This is

hig~ly desirable since the results obtained arc influenced to an

i portmit dercc by the hariv.:oeristics of the cmicnt and ag-prgate

and thcJr relative proportions, as vrell as by terporature, humidity,

and curing."

In Aup-t-Sptenb:br 1967, in Brussels, the RILFIX vrorking group

on Mmixtures sponsored en International Symposit:.i on Ad:.ixturos for Hortar

and Concrete, the proceedings of uhich, in eight volu-nesa, have beeni published.

The report of this .or king group includes the follo:dng:

"An admixurq is any material. that is -s4..,rA to the noraimlly

accertcd ingrcdicnts of mortar ond coicrete during mixing in order

to miodify certain properties of mortars and noncretes in Vhr fresh

or hardened states ur in their posscge from the freuh to the harjencd

state.

13
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"tue trcist h we as Its mai action a definitep..r)ose

in mortr or concrete. It wa have simbltancous secondary actions

which must also be specified. Admixtures perform their functions

principally by affecting physic-. and physico-chm3ical actions, such

as surface teanson, adsorption, thixotropy, colloidal state, deflocu-

lating effects, rate of reaction between cement and wiater during

setting and haixening, cud combination with certain cement constituents.

Adixtnr e actions of a merhanical nature may also -iAse owing to the

add-itit ot very trnsl particles to the aggregale grading of mortars

rA

FF"I gner - t l . ! e onywei the desired

S- - prortie, wh .eh are sought to satisfy the requirements of the work

- at hard uith red,;ard to execution, qaality end durabil ity, canjbe

attained ]Iy adjustngthe .comr, ition or th rooriosofth b~ic

_oncrete or nortr mixture. Moroover, .nformati m should be ava~I 4ole

not only rith regard to the effect o the admixture on the main

property which it is decired to modify, but o1no with regard to the

effects that its use may have on all the other properties of mortar

F; and concrote.

-"It should be rccopised that thn mere ite of an Mmixhure con

never can .ensato.for dcfects in the composition or in the prepartion

of the mortar or concrete."

This worIdng group classifies cA.ixturca P,; fol.lows:

"1. A JDXTJftN w'iICH T.XDI f UIR RUMltIJII.EL01" OF IK nIl'AR AI)

1| 3



Rg~

V ~ 1.1 Water-rcducing ad3nliureq.

1.3 Wie crnie a ozlxtr-eni . n.ni.car

__1.I Plsicsim Wmnaral xon4er.
........... t

U; 82* Z.VNIXTURES WICH 2'K)1)Xff THE 'IR rt1f MI OF ~kR7..k .4 nt CORMCS~

2.2~ Air-detraiig oreti.- Om La~ux tawe3

I2.4 Fonfrig dmx s
u3a* A)XTURE MUHIN xYr SMTRmO AIJM jtj.I.P

3.1 Set-rotardi-ta.-d ixiures,

3.3 Se--elrtn ~itrs

ig1. mr-ixu- KU iL3 17T11H i oU ExpmfsiONu 'In i.ORTAR AUD ompGRsm.

%.AJIXIVRES WHICH IIPVE TH.RYTM irtM10.s

5.1 Mrot-sisting adiy'rs

I 5,n Air-entrainingcPAdi,au-es*

5-12 - --------------Addx tr23 which aceleratea setting end hpnenirT~

5.2 Ani-reig -ttrs

5 .3 Wer-rstn- rixues
5 .31 Pceebility-reducinj' m.ixtureq.

5.2IgPAIxts

I _5
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M I -

116. AMIV'RES mu3101 vismoyr. THlE RiMh" YCH To i'tACAr, ACIOU.

7.1 Corosin-tIure3.~i

7.2 Arkaxturs uh- 0ate reaction,

7;3 mnixturas uhich xedfyaeikb oi chQ',4gJ.21S

"8. A-D;-rFAF Uix1m 4~'.Vi T;Ui RMESIAMTh3 9X MWLACAL AfrONS.

qbkdal.&P -ar cm.d And insecidJcida1 ad, m-., s .

5.1 in "Research for Civil- U!oris -A fmrtart. e ort" (Office, Chief

rclating to the emnplo~mentL of ac dirt~uvs in conceote.

&rob _tor Sbi4 Solutioni or Resu1"_

Lou Cemeui on ?~tnt Concrete

The hydration of cveint~ produces Laboratory studies oi2 mixtuire $1iO0,63ODOI
heat which is not reaily &issi- proportiig et ab 1. a d that, av
pated in~ moias concrete. The pr3uarily through the use of
te"'dperatur chtio producad by ontrained air in a'i applieso-
this heat and-subse-quent cooling tioii in which it bad nolt prod.-
is a cause of cmkeing vic ou.sly coamider3ds it v:as po-si-
impaU-rs the structuraL inte ritby bi', to -educa Vh ceient content
of hydIraA1ic stroctures, 1iirt-crr of mass coflcreto as rauch as 30
more, cement is tho %~ost o;pen- par cent without impairing its
sive ingredient of concrete. quaity.
Any saving of ceornt urithout
sacr~IVce ofC qu~lity produces
a substiat financipt berieri*.

16



Probeaor tudy Solutlua or fte',tlt Lyn

QCzeor.t. Replac'r'ient Nktarials
Portivind cemnmt is tho waot exc- A i abor2tr .vetigtio 3 96co
pensive ISigredic-ut of concrete. teblished Vtar vcalidity of using
A sigzfffit s ~ving In tbe cost pcsolans k:id special cecnts
of concrete would be realized if as partial replaccoment for port-

aportieof h eetcudb land cemen-~t wid produced a work-
replaced by a less C%. peavive able specification for purchasing
ccwentitous materiva l thout poZZ0ol-rs,
sacrifice of quality.

Use of Concrete Admixtures
To cvalu.t h lk fpo 3pecifications have bown InttMible.
duera 6f chctdical Mcmixtures developed to cssure ralia- Isburecs ucage
Intetkdwd to r.tr h etn bility,9 end r,, les produced of only thoe

of .ce , iueroase workabillity for liiiting uet ntme duxue
of concrete, and provido other Vaere real banef its will ifach vdal pro-
benefits, ozist.o duce 'v3--tcr

concrete.
Pro-Placed ftgwcgatu Concrete

Deem*e of shrnkago during set.. A laboratory7 Investigation, $17,300 gunrul
ting entI difficulty of plaing taich inclvdad tasts of full
In restricted regions, conven- scale models of portions of
ticiwi concrete is not always hy dili struptures, cot-Qb>
entirely satirfactory for such lishcd tMe value of tAhe pre-
applications es cmb3dc..ont of placcd m.gc atomthod of
steel spiral cases In power- constrdotiom. On m.-4a pro-
houss construction of plugs Icets ia-hg n exces of
to close terporory slrlce3 $200,000O have bcon ralized

thru -aksadnrito by its use. In other pro-.
construction, or for n.,4or re- jects it has b~on used# even
pair of concrete structures. thouagh m~ore cxpcnsive, to

Imuprove tho perfori-*me of
the structuxre. The figure

V- showa is the net saving*

5.2 The vork related to these savdnga v=. doscribcd Pas follorst

"Low Cwi7t Content 11w3 Co~ncrete.. To reduce initial conztruo.

tion coats ad cr~ockhIg causmci by coolln,% frv.* elcvated tera~ure

piroduced by cament hydration, mass concrets should contain a aini-

=4 of cc.wnt ccasistont with strm. Cth, peroabillity, nd dur bility
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require. ents. Ifiizture proportionihg studles coupled with strength,

peme-n-ility, and durability testing de mutr.ted that appxoximwtaly

V percent of the previously Wpecified unit emounts of cement per

unit volt,.e of concrete could bo cli .nated in future construction.

The primary factor uhich permitted this savings uas the use of zntraimud

air in mass concrete. In establishing the validity of the cavinS per-

mitted, it was necessary to develop qpprvpriatc procedures for testing

mass conorete for durabLity end parmebility.

'use of Peoi.lans in Mass Concrete. Pozzolens re not in them-

selves ccentitiou bat will react with the lima produced as a hydra-

tio product of portland cemont to fortA ccnttious compotids. The

most ca'-.i polzzbm in flyaush, the residue frcm burning po--dored coal

In thhea-ml poier plants. Smns naturrI nterials, xostl - in the western

part of the coutr-y, exc also pozzoknc or b cz~e powzouaic aft r

burning end grinding. Since pozzolans a chepwr than ce.ent rnd

generate less heat, their use i. a partial replacement for ce~eut in

mass concrete is attractive. Rzevrch eshous thet their use is practical

end a orkablc nd reliable purchase cpscfication i 's bWen developed*

Poaolrtns ne now videly vscd in the field, A recnt labore.tory

xpexncnt involves the use of only one bng (9h lb) of cc.Pnt per cubic

ymrd of conerete vith relatively lerge mounts of poz.ol n, If this

dwelopcent c vn be rpplid succ.s--rNly in fUtAure cstruction, sub-

stsntiza xonotnry s;.vInre u-1ll restlt. Tort blac!:s t;picailly 5 x 10 x 20

ft in sie ..'o mAj exTscd ot.t of dcors, end cored by diJ;mcod drilling

equic-rat to yield unp~cim.n for cbtx-ani4 ItA t' ry tteting end

CTwdaation,
.8



"Ue of Rcttardinga and Water R-duclng Admixtures. Cheap

clci cals frau tho paper industry and other sources are used

extensively in structural conem-Le construction to oontrol sot-

- - ting tife, increase strength, Pnd reduce the waotnxt of mixing

v ater and cepment required. Application of such adrdxtures to

the very low cement factor mass concrete used by the Corps of

ftgineers is currently being studied. If a reduction in ement f
or .a reduction in the ratio of cement to pozzolen is poasble,

firmancial savings will result.

"Portlad Blast-Furnace Slag Cement. Intfomation was developed

hi ch dmonstrated that M& qaality cotcret for hydraulic struc-

tures can be produced rith portland blast-furnace slaw cement as

well as vith portlczd cement. This finding has it:creased the

bidding options for contractors and, in certain market areas, is

resulting In loiwer bid prices."

±,.3 In this same report, future concrete research was described Sn

these words.

"Concrete. Duch of the reseaxch in mass corcrete vill continue

in the future, as it has Jn the pest, to bo concrnd with teiper.-

turo problems resulting from hydration of ceew:,t. At present hydra-

tion of cement is studied under isothen-ial cznditions PM tempera-

- ture rise Ln concrete is studicd under *ndiabatic conditions. The

inforvation, h(avver, is .plied to condition, vhich &ro nr-ithor

Isotheirnal nor -i.abatic. IHore InrormaLion is needed to mtkeI
zI
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possible accurate predictions of temperaturo rise under field

cotiVonso lyere is a pressing neced to doteraine V effect of

tciupeaturc. on creep or concrt-te. Recent work in ]Dropa and Israel

I surest that creep increeos as a result of teperature fluctuation

regardless of iihich w,%y the temperature is changing. These fitrings

need to be clarified and their application to mass concrete hdraulie

stractures evaluated.

-"Th field of chzaical reactions betueen centertt and &Zgregatesp

once tbcught to be non-existent, rcquires additional study. The

react:.ua between cement alkalies and certain ailicaots rocks is

mO wonl understood. The raction involving dol itic c-rbonate

rocks is now under active investigation. A reaction in trhich ,,on-

dolomitic carbonate rocks pm-ticipate recently been discovered

bt personnel at the "1terways J:eri-'ent Station. The iruplicaons

of this discovery ere not yet known. A cecent-egrate reaction

invol,'iug wal;-ripl. in the K as ebraska area has been. evident

foe- years, but it is not yet id-erstood. The Corps of Engineers

bucs structures in aUl the areas in ie-ih these reactins have

bon observed.

"In addition to Vew chi=ical reaction between cement p.ste :M
aggregates, there -ri pht :ical reactions wch are r .t well under-

4
stood. Althouh cwcnt past^ md 1Zregate have been extenuively

studied sepprately, little is :mo:m abmot the nature of the bond

betum-n tniese two basic cmi..4n 1 ts of conrcto. Thin bond is a

key factor both in tho probl.cns of z.t &eLh vl crer.kin .

;0LV



"Ecpansive cements may have a bright future in the concrete

industry. They have been proposed both for compbnsating for

shrinkage of concrete and for chemical pres ressing of concrete

members. Only shrinkage compensation has received much attention

in this country. Chemical prestressing might offer a means for

solvxag the problems of cracks in concrete structures.

"Few really significent chaiges in mass concrete construction

techniques have occurred in recent years. &ich proposals as gang

vibrators and precast concrete forms should be investigated. Im-

proved field testing techniques are also needed. There is, for

example, no accepted method for measuring the workability of mass

concrete.

"Deformations, stress, stroin, hydrostatic pore pressures,

and tonperature changes in massive concrete structures Vrl.l con-

tinue to be measured. With this information the designer is able

to mnprovc and refine design criteria and techniques."

PromisinR Uses of AMr'b:ibtwes to Reduce Cost

ndincreseonsrcton of concre~c V~s

6.1 From the material reviewed up to now in this paper, it is

cleor that, by the use of admIxtues, ncarly any desircd property of
A

concrete may be modified at least quanti tatively--in either direction.-

tad, in some cases, affected qualitatively as %Tel. Tho increased use

of mixtures therofore depends essentimlly solely on knovning 'what

propertics and .;hat levels, .quwntitatively, of these properties xe
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desired and then straightforvardly evaluating the economics of the case.r How much is it worth to increase or decrease a given parameter by a given

amount, and can this be accomplisned more economically by using a given

amolt of a given admixture than by any other means? In addition, there is

always the question of simple alternative solutions to the present set

Ed. of requirements, i.e., we now require concrete of given properties, we

now obtain this concrete by the use of given ingredients, can we by

different methods involving use of other admixtures or greater amounts of

admixtures produce concrete of these same levels of quality in these same

properties more economically.

6.2 In this latter case, work at the Vlaterways Experlment Station

- has shown that, at least in the laboratory, it is possible to produce

6-in. aggregate mass concrete with 73 lb of cemicb pcr cubic yard, having

a water content of 113 lb per cubic yard, that has an adiabatic tempcra-

ture rise of only 17 degrees F in 2f days and develops a 90-day compressive

strength of 3000 psi. This particular mixture was proportioned to contpin

three different admixtures: It contained 116.5 lb p3r cubic yard of a

pozzolan (fly tsh), 21t2 ml per cubic yard of an ar-entraining admixture-- -

which gave an air content of 6.11 percent in that portion of the mixture

passing the 1-1/2 in. sieve and 0.50 percent by weight of the cement

plus pozzolan of a water-reducing chemical admixture of the lignosulfonato

class. The slump was 1-1/2 in. This is an example of results to be

obtained Mhon no particular change in require-ments is involvced.

6.3 In connection with the planning for this rtieotig, Mr. Jiin3s D. I
Piper told me of work bci.ng dono at the Akir3 can Cc;ront Corporation,
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L -_ described to him by Hr. Walter H. Price in which by the use o an admixture

a concrete containing 1/2-in. maximum size aggregate requires about the same

amount of water to produce a 3-in. slump as is normally required for con-

crete containing 6-in. maximum size aggregate. The concrete containing the

-- 12-in. agregate can be continuously mixed An a pug mill mixer and satis-
factorily pumped through pipe. For use in a concrete drn, the pipe could

be refrigerated and the concrete spread over the top of a block by moving

the pipe or a hose attached to the end of the pipe. No vibration would be

required to level the concrete, which has a comparatively high one-day and

ultimate strength. Because of the low water coc:tent, the unit weight of

- the concrete is about the same as for 6-in. maximum size eggregate concrete.

_--
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__ ~ ~~Selected flibl.g'

A. AS714

Admxtueson rMerties of Concrce, bier. Soc. for Testing

and INats, Spec. Tech. Puibl. No. 226, 1Y60. This symposim con-

sists of ten papers and a suimary. Four of the papers represent

the joint contribution of four principal producers of admixtures,.--

Thie remaining papers were prepared by representatives of consumer

interests, research organizations and the cement industry. Tha

papers include:

Introduction - Bruce Foster

[ Actions of Calcium Sulfate and Admrixtures in Portland Cement

Paske -11. 0. Hansen

Structural and Lean Hass Concrete as Affected by Water-Roducing,

Set-Retarding Agents George B. ~al.and Elwiood L. Ore

Observations in Testing and Use of Watur-Reducing Rletarders

Lewis 11. Tuthill, Robert F. Adams, and John 14. Ilewme, Jr.

Effect of Water-Reducing Admixtures mid Set-Retarding Admixtures

as Influenced by Portland Cement Coposition -. Miles Polivka

*and Alexander Klein

Field Wcporience Using Wator-Reducers in Ready4-Nixed Concrete

B. L. 1lcryard, K. K. Griffiths, and W. E. Moulton

Detection of 14posulfonato Retarder in Cement Susponsions and

Pastas -E. (I. Swensonmiad T. Thorvaldson



IntrducoryProducers' Paper on Water-Reducing AdIr~xtures d

Set-Retardintg Admixtures for Concrete - . . . Prior and A. B. Ad=ej

IPffect of Water-Haecing Acdiixtu-fos mid Set-Ietarding Admix tures

on the Prope~ties of Plastic Concrete - Charias A. Vollick

The Effect of Wat4her-Reducing Acbixtures end Set-Retarding AdmixtLures

on thc Properties of Hardened ancrete - D. R. M~ac1'herson and

H. C. Fisherj

Water-Reducing Acbixtures and Set-fletarding Adinxtures for Co.'cv'etc:

Uses; Specifications: Research Objectives - ichard C. icn
Siirmaxy -Bruce Foster

Standard . ,cif-ications for Chemical Adiix.uwra for Concrete,[ ASM Dosignation: C 4t9h (latest edition 1968) covers Type A-

Water-Iteducing,, Type 1-Rtar-dIng, Type CGAccelrating, Type I)-

Water-Reduc:ing and Retarding, and Iypa F.1Vater-Reducing avid

Accelerating.

Standaxx §rgi~ications foi' Czac~iu Chloridle, ASTA DcsiGnatiow. D 98

(latest edition, 1968).

foidadfeiiaonfor Axxrsfor Coicrf-te

WWI4 Designation: C 260 (latest edition 1969).

A

AST4 Wasignation: C 233 (latest ed~Ition 3.909).

Tenatie S-nefictios fr Riror Calcined Natur-al. Pozzoivis for

Use in Portlatnd OCmcnt Ccornete, ASTA~ Dusicnation: C 618 (lates~t

editioa 1960% corrected 19,69), covert; Typen I F, an~d S,
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B. AMl

Admixtures for Concrete,. Report of Am~rican Concrete Institute

Committee 212, Report No. 1, ACI Proc. Vol.. I1, Nov 1955,

pp 73488; Report No. 2, ibid, Vol. 51l, Oct 1954, pp 113-lu6;

__ Report No. 3,9 ibid, vol. 6o0, Nov 1963, pp lI481-1523s includes

97 references.,

Recommendcd Practice on Use of Admixtures in Concrete. being

prepared by AMl Conittee 212 on Admixturez,,

SyMEsiu- -on Hansa Concrete. American Concrete Institute, Special

Technical Publication No. 6, Detroit, 1963, especially:

a.O O~reau of Reclamation Practices in Hazs Concrete," by

Valtor H. Price and Elmo C. Higginson.

-b. "Corps of Engineers Experience with Posz.olan,w by tWillimu R.

7~1 ~ Waugh.

-. ~- a . "M4ass Concrete Practices in Jhkpan," by Hasatane Kokubu

i~ft~ ~ C. Other

Specifications nd IMethod of Test for Water- Roduc3n, L-Controlling

Adcitures fcr Structural and Mass Concrete, I July 1966,. U. S.

* z.eauc d amdwation, Denver, Coo., USA, 5 Pp.

AditrsP Seilfmns Part IV, Session 1, Fifth International

~ -~: 3yznposium on the Chemistry of Cem2ent, Tokyo, JapL , 1968,

"mUse of Surface-Active Agents in Concret.," by ft. C. Mielenz,

102 pp (118 references), and supplementary pppors I, !

I 51$ 89p and 107.
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si96ZProeedn. Paris i968, 8 volumes, RILI!M.

*(J-specially "Scaie Properties end Selection of AL-dxtures for

Concrete," by V. V, Stolnikov, Vol. 1,, pp 29-37).

Venuat, Michel Le -jvnsd eo nuraero special do la

Revue eHateriawuxde Construction, Paris, 1968.

etarocki, Mo.nty, and Klodccki, -Jaroslaw JBadanic Sroclkow

techniki Wndoiwlanej. Seria I. Materialy Tdwlane i Ich

Zastosowanie, No. 22, 1965,. 116 pp. Translation to ftlgish

"Tests on Sealig, Plasticizing and Air-Eatraining Agents

Vvda ddtae oMs Concrete in Hydraulic Structurec j

by ari Ilser, fr te U S.Dept.ofteIerranth

National Science F'oundation.. 1968, 137 pp; pp 59-93 (of the

translation) deal with lignosulfonate capounds. A total

of 34~ references is given.

Calcivin Chloride in Portland Cc'ient Concrete, Calcium CW.loride

Institute, Washington, D. C., USA, Sept 1969, 39 pp (W~ references).

Corps of fhginaacrs-, Hrndhook for CnrtradCeien. LIcksburg, Miss.

(revised qu~arterly) in'-ludes:

CRD-C 12 Method or Sr~tlinv, Inspecting, and Terting Air-

Ebbraininr Admixtures for Concrete.o

- - CRD-C 13 Spocificatiow-, for Air-titraining Aebix Lures for Concrete
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CRD-C 87 TenWta ve S20cification for Chamical AdnmixLures for

Concrete (=ASTPI: C 494)0

CRD-C 262 Corps of Enigineers Specificatins for Pozzolan forI

use in Portland-Crh~icnt Concrete.

CRDI-C 263 Corps of Ragineers M~ethods for Samipling and Testing

Pozzolan for Use in Portland-Ceiuent Concrete.


